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(57) Abstract 

A tachyarrhythmia prevention pacemaker. The pacemaker paces a patient's heart in a tachyarrhythmia prevention pacing mode for an 
extended lime period, defines a metric of success of the tachyarrhythmia prevention pacing mode, monitors the metric over the extended time 
period and, responsive to the monitored metric, adjusts the tachyarrhythmia prevention pacing mode. Adjustment of the tachyarrhythmia 
prevention pacing mode may take the form of pacing the patient's heart with a different sel of electrodes, pacing the patient's heart with a 
different tachyarrhythmia prevention pacing mode and/or terminating operation of the tachyarrhythmia prevention pacing mode. 
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METHOD AN D APPARATUS FOR 

PREVENTION OF ATRIAL TACHYARRHYTHMIAS 



Background of the Invention 

The present invention relates generally to the field of implantable stimulators 
and more particularly to cardiac pacemakers and implantable anti-arrhythmia devices. 

It has been proposed to reduce the incidence of tachyarrhythmias in the 
ventricle by using multiple site pacing. For example, in U.S. Patent No. 3,937,226, 
issued to Funke, multiple electrodes are provided for location around the ventricles. In 
response to a sensed depolarization following a refractory period, at any of the 
electrodes, all electrodes are paced. All electrodes are similarly paced in the absence 
of sensed depolarizations for a period of 1000 ms. U.S. Patent No. 4,088,1 40 issued to 
Rockland et al discloses a similar device, in which a pacing pulse is delivered only to 
a single electrode in response to a failure to sense during a 1000 ms period, and 
delivery of pacing pulses to multiple electrodes is triggered in response to sensed 
depolarizations occurring between 150 and 500 ms following delivery of a previous 
sensed depolarization or pacing pulse. 'U.S. Patent No. 4,354,497, issued to Kahn 
adds sensing electrodes adjacent the septum of the heart and delivers pacing pulses to 
multiple electrodes spaced around the ventricles in response to sensed depolarizations 
at the ventricular electrodes which are not preceded by depolarizations sensed at the 
septum electrodes. Multi-site pacing in the ventricles has also been proposed to 
improve hemodynamic function, as in U.S. Patent No. 4,928,688, issued to Mower. 
The Funke, Kahn, Rockland and Mower patents are all hereby incorporated herein by 
reference in their entireties. 
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Multi-site atrial pacing has also been proposed as a mechanism for reducing 
the incidence of atrial tachyarrhythmias. For example, multi-site pacing for 
arrhythmia prevention is discussed in U.S. patent No. 5,584,867, issued to Limousin 
et at, U.S. Patent No. 5,683,429 issued to Mehra and U.S. patent No. 5,403,356, 
issued to Hill et al. and in the article "Prevention of Atrial Tachyarrhythmias Related 
to Advanced Inter-atrial Block by Permanent Atrial Resynchronization", by Mabo, et 
al, published in Pace^Vol. 14, Apr. 1991, Part II, p 648. The Limousin, Mehra and 
Hill et al. patents are hereby incorporated herein by reference in their entireties. 

Pacing methodologies employing only a single pacing site have also been 
proposed for prevention of tachyarrhythmias. For example, U.S. Patent No. 4,941,471 
issued to Mehra discloses a single site rate stabilization pacing method for use in the 
ventricles. An improvement to this pacing methodology is disclosed in U.S. Patent 
No. 5,545,185 issued to Denker et al, and further improvements are disclosed in U.S. 
Patent No. 5,814,085 issued to Hill, and U.S. Patent Application Serial No. 
08/764,568, filed on December 16, 1996 by Peterson et al. An additional atrial 
overdrive arrhythmia prevention pacing mode which is disclosed in U.S. Patent No. 
5,713,929, issued to Hess et al. The Mehra, Hill, Hess et al. and Denker patents, as 
well as the Peterson et al. application are all hereby incorporated herein by reference 
in their entireties. 

Summary of the Invention 



The present invention is directed toward preventing the occurrence of atrial o 
ventricular tachyarrhythmias by means of a pacemaker having the capability of 
delivering tachyarrhythmia prevention pacing therapies at single or at multiple 
locations within the atria and/or ventricles. The present invention accomplishes this 
desired goal by means of control and timing circuits and methods of operation which 
provide for optimization of the delivered pacmg therapy by choosing which therapy, 
which electrodes and which pacing sites are employed, from among those available 
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for tachyarrhythmia prevention pacing. The timing and control circuitry includes 
means for tracking the occurrences of tachyarrhythmias over defined extended time 
periods, such as days, weeks or months. 

Pacing at multiple sites may be accomplished by delivering pacing pulses 
through separate electrode pairs, each pair located adjacent a different site within the 
atria or within the ventricles, may be accomplished by delivering pacing pulses 
between electrodes located adjacent different sites within the atria or within the 
ventricles or may be accomplished by delivering pulses between individual electrodes 
in the atria or ventricles and remote indifferent electrodes. The device may employ 
single or multi-site pacing in the atria, the ventricles, or in both the atria and the 
ventricles, with separate prioritized lists of therapies and/or electrodes and polarities 
programmed for the atna and the ventricles and may employ separate counts or 
durations of occurrences of tachyarrhythmia in the atria and the ventricles in order to 
induce switching of the electrode configurations used to pace the atria and the 
ventricles, independent of one another. 

In some embodiments, in response to detection of a predetermined number of 
occurrences of tachyarrhythmias within a defined extended time period and/or 
detection of a predefined cumulative duration of tachyarrhythmias within the defined 
extended time period, the selection of pacing therapy and/or interconnection of the 
electrodes available for pacing is modified to disable a tachyarrhythmia prevention 
therapy and/or to change the tachyarrhythmia prevention therapy. With each 
subsequent detection of a defined number and/or cumulative duration of 
tachyarrhythmias within the a defined extended time period, the device may switch to 
another available therapy and/or set of electrodes and pacing sites until an effective 
tachyarrhythmia therapy is selected or until all available therapies have been 
determined to be ineffective. 



• l 
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For example, in a device embodied in the form of a multi-site atrial pacemaker 
having electrodes positioned to stimulate at two different locations within the atria, 
the device may initially employ first and second electrodes in contact with atrial tissue 
to stimulate at both locations using the pacing method disclosed in the above-cited 
5 Mehra et al '429 patent, and then, in response to detection of a defined number of 

occurrences and/or a defined cumulative duration of tachyarrhythmia within the 
defined extended time period, the pacemaker may employ the second electrode, in 
conjunction with an indifferent electrode to stimulate only the second location using 
the pacing method disclosed in the above-cited Mehra '471 patent. 

10 

In some preferred embodiments of the invention, upon detection of a defined 
number of occurrences of tachyarrhythmias and/or a defined cumulative total duration 
of tachyarrhythmias in the atria or the ventricles within a defined extended time 
period, the device checks to see if there is an available therapy and/or set of electrodes 

1 5 and polarities which offer the opportunity of reducing the frequency or duration of 

tachyarrhythmias. In these embodiments, a therapy and/or an associated set of 
electrodes and polarities not previously employed will, by definition, be considered as 
offering the possibility of reducing the frequency or duration of tachyarrhythmias. In 
addition, the device may record information with regard to the frequency and 

20 durations of occurrences of tachyarrhythmia in conjunction with a particular therapy 

and/or associated set of electrodes and polarities, and may consider any previously 
employed therapies and/or sets of electrodes and polarities as offering an opportunity 
for reducing the frequency or duration of tachyarrhythmias if the associated recorded 
information indicates reduced frequency or duration of tachyarrhythmias as compared 

25 to the electrodes and polarities currently being employed. 

In other preferred embodiments of the invention the device automatically 
determines whether any tachyarrhythmia prevention therapy is desirable and, if so 
which therapy and/or set of electrodes and polarities will be initially employed, based 
30 upon the frequency and durations of occurrences of tachyarrhythmia in conjunction 
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with the particular therapies and/or associated sets of electrodes and polarities 
available. In these embodiments the device may first determine whether 
tachyarrhythmias in the absence of tachyarrhythmia prevention therapies and/or multi- 
site pacing occur during a first extended time period with a frequency sufficient to 
warrant employment of a tachyarrhythmia prevention therapy. If so, the device 
thereafter may sequentially apply each of the available therapies and/or sets of 
electrodes and polarities for a second extended time period to determine which results 
•n the lowest incidence of tachyarrhythmias. The device may select the therapy and/or 
set of electrodes and polarities associated with the lowest incidence of 
tachyarrhythmias, provided that the incidence of tachyarrhythmias is lower than with 
no tachyarrhythmia therapy delivered. In such devices, after initial selection of the 
most effective tachyarrhythmia prevention therapy and/or electrode sites and 
polarities, the device may continue to employ the selected settings for a third extended 
predetermined time period, for example a defined number of months, and on 
expiration of this extended time period repeat the process of determining whether a 
tachyarrhythmia prevention therapy is desirable and if so, which therapy is desirable. 

In order to more closely tie the anti-arrhythmia therapies and/or electrodes and 
polarities employed by the device to the incidence of tachyarrhythmias, the device 
may focus on tachyarrhythmias which are initiated following delivery of a pacing 
pulse. For example, the device may check stored information on sensed and paced 
events to determine whether a pacing pulse initiated the short: inter-depolarization 
period which initiated the tachyarrhythmia, and apply the detected arrhythmia to the 
tachyarrhythmia count or cumulative tachyarrhythmia duration measurement only if 
the detected tachyarrhythmia is initiated following a pacing pulse. 

In addition to or as an alternative to selection between different arrhythmia 
prevention pacing modes, a device according to the present invention may also 
operate to provide optimized parameters of a selected anti-arrhythmia pacing mode. 
For example, in the context of a rate stabilization pacing mode as described in the 
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above cited Mehra and Denker patents, or in the context of an atrial overdrive pacing 
mode as described in the above cited Hess et al patent, the value of the increment 
added to the duration of a previously measured R-R interval to define the next escape 
interval may be adjusted. In an analogous fashion, the delay time, if any, between 
pacing pulses delivered at multiple pacing sites or between sensed depolarizations at 
one pacing site and the delivery of a pacing pulse to a second pacing site may also be 
optimized as a function of the monitored result of the therapy provided. 

In order to optimize the parameters of the anti-arrhythmia pacing therapy 
provided, the device mon.tors a specific metnc associated with the success of the 
therapy in a manner analogous to that described above in conjunction with selection 
between arrhythmia prevention pacmg modes. In this context, for example, frequency 
of occurrence of atrial or ventncular beats, occurrence of atrial or ventricular 
tachyarrhythmias, and the like may be monitored and compared to a desired defined 
endpoint condition, with operational parameters of the pacing mode presently in effect 
adjusted in an attempt to cause the measured metric to converge on the desired 
endpoint. 

The desired endpoint may be defined as a range wmch may have only an upper 
bound, only a lower bound or both upper and lower bounds. More than one measured 
metric may be employed to determine success of the arrhythmia prevention pacing 
mode. A measured metric falling outside of a defined endpoint range may trigger a 
change in the pacing mode to more aggressive or less aggressive parameter settings. 
The time period over which the metric is monitored may extend for a few hours up to 
several weeks. For example, if the defined metric is frequency of atrial fibrillation, 
the defined metric range might be less than a physician programmed number 
occurrences of atrial fibrillation over a two day time period. In this case, the device 
would adjust the parameters of a provided antiarrhythmia mode, for example, adjust 
the increment provided in conjunction with the atrial overdrive pacing modality 
described in the above Hess patent, until the measured frequency of occurrences of 
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atrial fibrillation per two day period was within the endpoint range. Alternatively, if 
the metric being measured is.frequency of occurrence of PACs, the defined metric 
might be a defined range of PACs per hour, determined by the physician to represent 
an acceptable range of occurrences of PACs. In this embodiment, the aggressiveness 
of the atrial arrhythmia prevention pacing modality employed may be increased in 
response to the number of occurrences of PACs being in excess of the defined 
endpoint range, while the aggressiveness of the therapy might be decreased in 
response to an occurrence of less than the defined endpoint range of occurrences, in 
order to avoid over-treating the patient. In response to the number of PACs per hour 
falling within the defined range, the device would leave the parameter settings of the 
arrhythmia prevention pacing modality unchanged. 

In some embodiments, the same monitored metric or metrics employed to 
optimize the parameters of an arrhythmia prevention pacing modality may also be 
employed to disable the arrhythmia prevention pacing modality in effect or to trigger 
the switch to an alternative pacing prevention modality, as substitute for or in addition 
to the various mechanisms described above for selecting arrhythmia prevention pacing 
modalities. For example, in response to adjustment of the arrhythmia prevention 
pacing modality to its most aggressive parameters (the parameters believed most 
likely to prevent occurrences of arrhythmias), in conjunction with a failure of the 
measured metric to fall within the defined variance from the desired endpoint for the 
measured metric, the device may disable the arrhythmia prevention pacing modality 
presently under way or trigger a switch to an alternative available arrhythmia 
prevention pacing modality. 

Brief Description of the Drawings 



30 



Figure 1 is a drawing illustrating a multi-site atrial pacemaker according to the 
present invention. 



WO 00/09206 



PCT/US99/18442 



8 



Figure 2 is a drawing illustrating a multi-site atrial, single site ventricular 
pacemaker according to the present invention. 

Figure 3 is a drawing illustrating a single site atrial, multi-site ventricular 
pacemaker according to the present invention. 

Figure 4 is a drawing illustrating a multi-site atrial, multi-site ventricular 
pacemaker according to the present invention. 

Figure 5 is a block functional diagram of a first embodiment of a cardiac 
pacemaker appropriate for use in practicing the present invention. 

Figure 6 is a block functional diagram of a second embodiment of a cardiac 
pacemaker appropriate for use in practicing the present invention. 

Figure 7 is a block functional diagram of a third embodiment of a cardiac 
pacemaker appropriate for use in practicing the present invention. 

Figure 8 is a functional flowchart, illustrating the basic operation of a 
pacemaker according to according to a first set of preferred embodiments of the 
invention. 



Figure 9 is a functional flowchart, illustrating the basic operation of a 
pacemaker according to according to a second set of Preferred embodiments of the 
invention. 



Figure 10 is a functional flowchart, illustrating the basic operation of a 
pacemaker according to according to a third set of preferred embodiments of the 
invention. 
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Figure 1 1 is a functional flowchart, illustrating the basic operation of a 
pacemaker according to according to a fourth set of preferred embodiments of the 
invention. 

Figure 12 is a fiinctional flow chart illustrating the mechanism by which the 
present invention may optimize the parameters of a selected arrhythmia prevention 
pacing mode. 

Figures 13, 14 and 15 represent alternative mechanisms for adjusting the 
parameters of an arrhythmia prevention pacing modality, ,n the context of the 
fiinctional flow chart of Figure 12. 

Figure 16 is a partial functional flow chart illustrating a mechanism which 
may be employed in conjunction with the functional flow charts of Figures 12 through 
1 5, for disabling or changing the arrhythmia prevention pacing mode presently in 
effect. 



Detailed Description of th<> Preferred Rmhndim 



ents 



Figure 1 illustrates an implantable pacemaker 10 according to the present 
invention and an associated lead set. The pacemaker comprises a hermetically sealed 
enclosure 12 containing the pacemaker's circuitry and power source and carrying a 
connector block or header 14 into which the connector assemblies 18and 16 of two 
pacing leads 20 and 22 have been inserted. Pacing lead 20 is a coronary sinus lead, 
and carr.es two electrodes 28 and 30 located thereon, adapted to be positioned 
adjacent the left atrium, within the coronary sinus/great vein of the patient's heart. 
Lead 22 is a right atrial pacing lead carrying a distal, screw-in electrode 24 and a 
proximal ring electrode 26. 
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In conjunction with practicing the present invention, the pacemaker may 
employ the electrodes on the. various .eads in a vanety of combinations. Multi-she 
pacmg may be accomplished by simultaneously delivering pacing pulses to the nght 
atnum usmg electrodes 24 and 26, with electrode 24 serving as the pacing cathode 
and to the left atrium using electrodes 28 and 30, using either of electrodes 28 and 39 
as the pacing cathode. Alternatively, multi-site pacing may be accomplished by 
dehvenng pacing pulses between electrodes 24 and 30 or between electrodes and 
28, w,th either of the two chosen electrodes serving as the cathode, in order to 
stimulate the right and left atria simultaneously by using electrode 24 and either of 
electrodes 28 and 30 as pacing cathodes and a conductive portion of the enclosure 12 
as a remote anode. Alternatively, the nght atnum may be stimulated without 
stimulation of the left atnum by employing electrodes 24 and 26 or by employing 
electrode 24 in conjunction with a conductive portion of the housing of the device 
enclosure 12 to accomplish unipolar pacing. Similarly, pacing of the left atrium may 
be accomplished without corresponding pac,ng of the nght atnum by pacing between 
electrodes 28 and 30 or by pacing between either of electrodes 28 and 30 and a 
conductive portion of the housing 12. 

In conjunction with the present invention, it is preferable that the device 10 be 
configured to allow the physician to program a priontized list of tachyarrhythmia 
prevention pacing therapies and/or pacing Sites and electrode configurations therein 
for sequential application by the device 10. For example, in the context of a device as 
illustrated ,n Figure 1, the physician may request that the device 10 initially delivers 
pacing pulses to the right and left atria between electrodes 24 and 30 as part of a first 
arrhythmia prevention therapy, with electrode 24 being a cathodal electrode, delivers 
bipolar pacing pulses in the left atnum employing electrodes 28 and 30 as part of a 
second arrhythrma prevention therapy, with electrode 30 being a cathodal electrode 
and delivers bipolar pacing in the right atria employing electrodes 24 and 26 as part of 
a thud arrhythmia prevention therapy, with electrode 24 acting as a cathodal 
electrode. The first arrhythmia prevention therapy may, for example, simply be bi- 
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atrial bradycardia pacing, while the second and third therapies may, for example also 
include rate stabilization pacing as in the above-cited Mehra '471 patent. 

Thedev.ce in some embod.ments may operate as follows. Following 
programmmg, the device employs electrodes 24 and 30 to s.multaneously pace both 
the nght and left atria. Over the course of a defined extended time penod of weeks or 
months, the device detects a defined number and/or cumulative duration of 
tachyarrhythmias according to preset criteria. For example, a. tachyarrhythmia may be 
defined as a high atria, rate maintained for a min.mum penod of time. In response to 
the number and/or cumu.at.ve durafion of detected tachyarrhythmia episodes equaling 
a preset value, the device preferably checks to see if there are any available electrode 
configurations whrch offer the opportunity of reducmg the frequency of occurrence or 
the durat.ons of atrial tachyarrhythmias. Because the next electrode configuration on 
the physician-defined list has not been tried, pacing the left atrium using e.ectrodes 28 
and 30 ,s then employed by the device. If the device detects .he requ.red number of 
occurrences and/or cumulate duration of tachyarrhythm.as dunng a subsequent 
defined tune period, the device will determine that the third electrode configuration 
pacing the right atrium by means of electrodes 24 and 26, is untried, and will employ 
th,s electrode configuration. On detect.on of the required number of occurrences or 
cumulate duration of tachyarrhythmias, the device will then compare the number of 
tachyarrhythmias detected and the time period over which the tachyarrhythmias were 
detected for each of the three electrode configurations, and choose the electrode 
configuration associated with the lowest incidence of tachyarrhythm.as. Operafion of 
the dev,ce in this fashion cont.nues, with the cho.ce of electrode configurat.on altered 
automat.cally in response to an increase in the frequency of occurrence or cumulative 
durat.cn of tachyarrhythmias using the previously selected electrode set, as compared 
to h.stoncal measurements of the frequency and/or durat.on of arrhythmias in 
conjunction with the other electrode combinations. 
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In an alternative set of embodiments, using the same prioritized list of 
arrhythmia prevention therapies, the device may operate for a, first penod in the 
absence of any particular arrhythmia prevents therapy and/or alternate electrode 
configuration. For example the device may operate as a conventional AAI, 
bradycardia pacemaker, pacing at a single site in the nght atrium. The dev.ce operates 
u. this fashion for a first defined penod of time, for example extending over a period 
of days or weeks, and monitors the number of detected tachyarrhythmia ep.sodes 
and/or the durations of detected atrial tachyarrhythmias. If the frequency or duration 
of detected atrial tachyarrhythmias detected dunng this time penod is less than a firs, 
preset threshold, the device may determine that specialized arrhythmia prevention 
pacng therapies and/or multi-site pacing or a combination of the two are not required. 

If however, dunng the first defined time penod, a number or total durat.on of 
atnal tachyarrhythmias exceeding the first threshold are detected, the device may 
activate the first available tachyarrhythmia prevention therapy and/or alternate 
electrode configurat.on for a second defined penod of time, typically less than the first 
defined period, again monitonng the frequency and/or durations of detected atnal 
tachyarrhythmias, followed by sequentially activating the second and third 
tachyrhythmia prevent™ therap.es and/or electrode configurations for the second 
defined extended t.me penod and determ.ning the frequency and/or durations of atrial 
tachyarrhythmias. After delivering all available tachyarrhythmia prevention therapies 
and/or employing all available electrode configurations, the device may compare the 
relative frequencies and/or durations of atrial tachyanhythmias to determine which 
therapy and/or electrode configuration results in the lowest incidence of 
tachyarrhythmias, and enabling that therapy and/or set of electrodes and polarities 
providing that the therapy and/or electrode configuration provides a reduced incidence 
of tachyarrhythmias compared to conventional single site bradycardia pacing as 
measured during the first time period. 
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As an preferred alternative to employing each of the available tachyarrhythmia 
prevention therap.es and/or alternative electrode configurations for defined time 
penods and comparing the frequencies or cumulative durations of tachyarrhythmias 
detected therein, the dev.ce may instead continue operation in each of the ava,lable 
therap.es and/or alternative electrode configurations until the earliest of the exp.ration 
of the defined second time intervals or the meeting of a defined tachyarrhythmia 
durat.on and/or frequency threshold. The relat.ve incidences or durations of 
tachyarrhythm.as per unit time may then be compared to chose the most des.rable 
therapy and/or electrode configuration. Using this method, the t.me required to check 
the vanous available therapies and/or electrode configurations may be substantially 
reduced. S.m.lar.y, the initial operation of the device without use of tachyarrhythm.a 
prevention therap.es and/or alternate electrode configurations may preferably continue 
untd the earhest of the exp.ration of the defined first time interva. or the meeting of a 
defined tachyarrhythmia duration and/or frequency threshold, to reduce the time 
required to determine whether tachyarrhythmia prevention therapies and/or alternate 
electrode configurations are desirable. 

In a simplified version of this embodiment of the invention, the device may be 
provided with only a single tachyarrhythmia prevention pacing therapy and/or a single 
alternate electrode configuration. In this embodiment, the dev.ce merely compares the 
frequency and/or duration of tachyarrhythmias during application of the arrhythmia 
prevention therapy and/or alternate electrode configuration with the frequency and/or 
duration of tachyarrhythmia incidences in the absence of arrhythm.a prevention 
therapy and/or alternate electrode configuration, enabling application of the therapy 
and/or alternate electrode configuration only if they result in a reduced incidence of 
tachyarrhythmias. 



In the event that the operation of the device and the selection of an initial 
arrhythm.a prevention therapy is provided as described above, the device may 
subsequently operate accord.ng to the methodology set forth ,„ conjunction with the 
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pr=v,„„ sl y described embod.ments of the invention, periodically changing the 
tachyarrhjdhmia prevention therapy and/or the associated set of electrodes and 
POlant.es in response ,„ the increase in the ,eve ls Of.achyarehy4ho.ias, selecting an 
alternate therapy and/or set of decides and polarit.es which provide a lower 
tncdence of taehyartythnnas, if avadable. A,,er„ ali ve,y, the device may define a 
thnd extended time P e nod , signilicanlly longer , han ^ ^ ^ ^ ^ 

hnte penods. On expiration of this third time period, the device may repeat the 
sequence of operations described above to again detenn.ne whether tachyrhythmia 
prevention therap.es and/or alternate electrode c„„fi gura , ions are desirab , e a „ d 
which should be employed. 

Fignre 2 .llnstra.es an „ Krna , iye embodime „, „ f , ^ ^ ^ 

present mvennon. Here the pacemaker 40 of Fignre 2 generally coreesponds ,„ the 
pacemaker ,0 of Figure , , with the add.tion of ventncula, pacing capab.iit.es. The 
pacemaker compnses a seated hermetic enclosure 42 containing ,he pacemaker's 
crcu, lry and power source and a connector block 44 wh.cn receives the connector 
-embhes 46, 48 and 50 of three pacing leads 52, 54 and 56. Leads 52 and 54 
correspond ,0 leads 20 and 22, respect.vely, of Figure , , cany aMal pac , 
e ectrodea 58, 60, 62 and 64. Uad 56 is a ve„tHcn,ar pacing lead canning , hefica, 

electrode 68 imbedded in the right ventrir.lPnf.h^K ^ 

. gni ventnc,e of the heart and a, ring electrode 66 A 

device according to Figure 2 may employ multi-site atrial 

3 v uy mu,u SIte atna ' pacing in conjunction with 
ventncnlar pacing, using pacing modal.t.es such as ODD, DV, and DDI pacing. 

Figure 3 ,s a second alternate embodiment of the pacemaker cmpioying the 
present invent.on. ,„ , his embodiment of the present invention, pacemaker 80 
corresponds generally to the pacemaker 40 in Fignre 2, including a henoehc enclosure 

contammg the pacemaker cireuiby and power ^ a „ d . cm ^ ^ 
recevrng ,he cona.ec.or assembl.es 86. 88 and 90 of leads 92, 94 and 96, respect.veiy 
In ,h,s emb„d,m=„,, ,he pacemaker is configured to provide mult.-site ven.ncular 
pacng ,„ c„„j„„ ct , on wilh M ^ Qr pacing _ m ^ mM _ s , K ^ 
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pacmg may be employed in conjunct with known pacing modcs such as VDD 
DDD, DVI and DDI. Leads 92, 94 and 96 correspond ,„ leads 52, 54 and 56 
respecltvely ill„stra,ed in Fignre 2, and carry pacing electrodes 98, .00, 102 ,04 106 
and 108. In the ease of lead 92, U has been advanced (urther into Ore coronary 
smus/great vein ,ha„ leads 20 and 52 of Fignres 1 and 2, respeclively, so .ha! 
e,ec,rodes ,02 and ,04 are portioned adjaeen, (he left venhicle of ,he hear. The se, 
of tends ptovided in Fignre 3 ,hns gives ,he opportunity ,„ provlde multi , ite pacj fa 
Ore ve„,ncles of ,h. heart, by pacing ,he ngh, venlricle ustng ,h e electrodes 1 06 and 
108 and pacing ,he left ventricle using ,he electrodes 102 and 104 or by pacing 

'^^-herofiheelecrodes ,02 and 104 or by pacing benveen 
electrode 98 and an undulated ^ of , he hous , ng %1 ^ ^ 

electrode 102 or ,04 and an uninsurated of lhe ^ g2 ^ rf fc 

ventnele alone wtthou, concunen, pacing of the left ventncle is ^ k „ s , 
electrodes ,06 and ,08 „, using eleclrode 108 ,„ co „ JU „ c , ion ^ _ 
portton of the honatng 82. Sinrt,ar,y, deltvenng pactng pulses to the left ventnCe only 
is posstble nstng electrodes ,02 and ,04 together or b, nsing either of decodes ,02 
or ,04 m conjunction wi,h a condnaive portion of noosing g 2 . Operation of the 
devce ,„ select the desired pactng ,„ca,,o„s within , he ngh, a„d ,. ft ventricles and .he 
destred electrode configuratton may be accomphshed in an analogous fashton ,„ Ota, 
descrtbed above ,„ conjunct™ with Fignre I ,n the context of mnW-sHe atrial pactng. 

Figure 4 illustrates an additiona, embodtmen, of a pacemaker accortling to ,he 
present mvenhom Pacemaker 1 20 corresponds generally ,„ P acemak e re 10 , 40 ^ 80 
■» figures 1, 2 and 3, respectively, and includes a hetmcic enclosure 122 containing 
lhe battety and circuttty of , he pacemaker and a connector block 1 24 receiving the 
connector assemblies 126, 128 and 130«f pacing leads ,32, 134 and 136. Pacing 
leads ,32 and ,34 correspond to pacing heads 90 and 92 of Figure 3, and cany pacing 
electrodes ,38, ,40, ,50 and ,52. tend ,36 is provtded with four e,ec,rodes ,42 ,44 
146 and 148, allowing pacing „f me left alri n m „ s ,„ g electrodes , 42 a „ d , 44 ^ 
pacmg of the left ventnole ustng electrodes ,46 and ,48. la, this embodtmen, of the 
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invention, the device may select between pacing locations in the atria and the ventricle 
and may select among electrode configurations for accomplishing pacing in either or 
both of the atria and/or either or both of the ventricles in accordance with the basic 
mechanism described in conjunction with Figure 1 for use in selecting electrodes to be 
used in atrial pacing. 

Figure 5 is a block diagram of a first embodiment of a pulse generator 
appropriate for use in conjunction with the present invention. The block diagram 
illustrated is particularly useful for pacemakers as illustrated in Figure 1, directed 
towards multi-site pacing of the atria. Similarly, the device illustrated in Figure 5 is 
also suitable for multi-site pacing of the ventricles, by themselves. The pacemaker 
jncludes a microprocessor 200 which controls operation of the device based on 
programming stored in read-only memory 202, communicated to the microprocessor 
200 by means of data/address bus 208. The timing and control circuitry 206, under 
microprocessors control, specifies the times of delivery of pacing pulses using the two 
pacing pulse amplifiers 2 10 and 212 and communicates occurrences of sensed events 
using sense amplifiers 222 and 224. Information with regard to the operation of the 
pacemaker including information as to the numbers and times of occurrences of 
tachyarrhythmias employed in the present invention is accomplished by means of 
random access memory 204. 

Microprocessor 200 operates as an interrupt driven device, under software 
control, responsive to expiration of timers within timer/control circuitry 206 and in 
response to occurrence of sensed events, detected by sense amplifiers 222 and 224. 
Telemetry circuit 230 in conjunction with antenna 232 allow communication between 
the device and an external programmer, by means of which the physician can program 
a desired list of electrode configurations into memory 204. The general operational 
methodology of this device may correspond to any of the numerous available 
microprocessor controlled cardiac pacemakers, for example, as disclosed in U.S. 
Patent No. 4,404,972 issued to Gordon et al., U.S. Patent No. 4,830,006 issued to 
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Haluska et a., or U.S. Patent No. 4,407,288 issued to Langer et a,., all incorporated 
here,n by reference in their entireties. In particular, the operation of the device may 
generally correspond to that described in U.S. Patent No. 5,4, , ,524 issued to Mehra et 
al, also incorporated herein by reference in its entirety. 

The dev.ce illustrated in Figure 5 differs from the operation of the dev.ces in 
the above described patent and in the above cited references disclosing multi-site 
pacing patents by means of a provision of a switch matrix 226 which operates under 
control of m.croprocessor 200 via data/address bus 208 according to the methodology 
of the present invents. Switch matrix 226 operates to interconnect the electrodes 
2 1 4, 2 1 6, 2 1 8 and 220 with the pacing pulse generators 2 1 0 and 2 1 2 and with the 
sense amps 222 and 224 in any desired combination or configuration. 

For example, electrodes 214 and 216 may correspond to electrodes 24 and 26 
of Figure 1, while electrodes 218 and 220 may correspond to electrodes 28 and 30 of 
F.gure 1 . Electrode 228 may correspond to the hous.ng of the dev 1C e. In conjunction 
with operation of the dev.ce to simultaneously pace both atria, sw.tch matnx 226 may 
couple pulse generator 210 with electrodes 214 and 216 and may couple pulse 
generator 212 with electrodes 218 and 220 to provide for pacing of both the right and 
left atna. Alternatively, pulse generator 2 10 might be coupled to electrodes 214 and 
220, w,th the pacmg pulse delivered therebetween in order to accomplish 
simultaneous pacing of both atria. The device may similarly be employed to pace only 
one atrium using only electrodes 214 and 216 and either of the two output amplifiers 
222 or 224 or to pace the other of the two atria using electrodes 21 8 and 220 and 
either of the pulse generators 2,0 and 220. Similarly, the dev.ce may be employed to 
pace either one or both of the ventnc.es of a patient's heart, by locating electrodes 214 
and 216 adjacent one ventricle and electrodes 218 and 220 adjacent the other 
ventricle. 
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Mtcroprocessor 200, under control of programming stored ,„ read only 
memory 302 also serves to Imogen, the various taonyarrhythmia detection functions 
requtred by the device and to control the timing and deiivery of pacing pufe in bolh 
conventual hradycardia pacing modalities and accordmg ,„ the physician's specified 
pnonttzed fis, of artythmia prevention pacing lherapK , 

mechamsms may correspond ,„ any of those empioyed ,„ pnw m implanlab , e am , 
arrhythmta devices including an,i-,achycard,a pacemakers, implamab.e cardtoverters 
and tmplautable defibn.la.ors. Examples of arrhythmia detection methodologies 
appropnate for use in conjunction with .he present invention include those described 
u> U.S. p alem No . 5>75V36 jsjued lo Gjl|berg w a| u s ^ No 5 545 , 8( . 

tssued to Olson et al, U.S. Patent No. 5,730,,4, issued to Fain e, al. and U.S. Patent 
No. 5,379,776 issued to Mutphy et al, a„ incotporated herei „ by referen „ jn ^ 
enttreties. « should be undated tha, any of the various known md avafiable 

anfiyttmia detection methodologies may be employed in conjunction with the preseut 
invention. 

Anhythmia prevention pacing therapies wh.ch may be implemented by 
mtcroprocessor 200 and associated progmmnfing may, for examp , e , „ 
.hose disclosed ,„ U.S. Paten, No. 3,937,226 ,ssued ,o Funke, U.S. Paten, No 
4,354,497 issued ,o Kahn, U.S. Paten, No. 5,683,429 tssued ,„ Mehra, U.S. Paten, No 
4,941,47, issued ,o Mehra, U.S. Pa.cn, No . 5 , 545 , 185 issued |0 ^ ^ ^ 
No. 3,7.3,929 issued ,o Hess e, al., US. Pa,e„, No. 5.158,079 .ssued ,„ Adams c, al 
and U.S. Paten. No. 5,403,356 issued ,„ Hill, some ofwh.ch pacing modalnies may 
also be delivered using mu!,i-si,e pacing e,ec,rode sys,ems. all of whrch are 
,nco,pora,ed he rein by reference in ,he,r enfirenes. The multt-si.e pacing ,hem P ,es 
employed in conjunction with ,he present invenfion should also be undetstood .„ 
mcn.de convemiona, ora d ycardia pacing ^ ^ ^ ^ 

.he a,na and/or venhicles, which are also somefimes valuable in preveming the 
occurences of some .achyanfiytaias, K we|| „ 

■nodahnes as discussed above, dehvered ,o mulfiple si.es. Addifiona, muhi-site pactng 



WO 00/09206 



PCT/US99/I8442 



19 



therap.es which may be e mp ,oyed include, for example, those descnbed in U S Patent 
No. 4,928,688 .ssued to Mower et a!., U.S. Paten, No. 5,720,768 issned to 
Verboven-Nelissen, U.S. Patent No. 5,584,868 issued to Saio et a.., U.S. Patent No 
5,243,978 .ssued to Duffin and U.S. Patent No. 5,267,560 issued to Cohen all also 
incorporated herein by reference in their entireties 

Corresponding sets of arrhythmia detection methods and multi-site and 
arrhythm.a prevents pacing methods should be understood to be defined by the 
m.croprocessors and associated programming provided in the pacemakers illustrated 
m F,g Ure s 6 and 7 below, constrained to the extent necessary by the ava.lable number 
of mput amplifiers and pulse generator output circuits mciuded in the pacemakers. 

Rgure 6 ,s an embodiment of a pacemaker wh.ch may be employed to provide 
mult.-stte atnal pacing fa conjunction with ventncular pacing or multi-site ventricular 
pacing ,n conjunct™ with atnal pacing, corresponding to those illustrated in F lg ures 
2 and 3. M.croprocessor 300, ram 304, ROM 302, data/address bus 308 
fmrng/control crcuitry 3 06, output ampfifiers 3 ,0 and 3 ,2 and input amplifiers 3 
22 and 324, as we,, as switch matrix 326 all correspond generally to rmcroprocessor 
200, ram 204, ROM 202, data/address bus 208, timing/control 206, output amplifiers 
2 ,0 .and 212, mput ampfifiers 222 and 224 and switch matnx 226 of Figure 5 
Telemetry circuit 330 in conjunction with antenna 332 allows communication 
between the device and an externa, programmer, by means of which the physician can 
program a desired list of electrode configurafions into memory 304. Operation of the 
dev.ce differs from that .Uustrated in F.gure 6 fa that it is provided with programm.ng 
stored in ROM 302 which a„ows microprocessor 300 to operate timing/control 
crcunry 302 to provide dual pacing modes such as DDD, DVI, VDD, DDI and the 
fusing amplifier 3 10 to pace one or more of the atria, amplifier 3 ,2 to pace one 
or more of the ventricles, sense amplifier 322 to sense atria, depolarizations and sense 
amplifier 324 to sense ventricular depolarizations. 
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If multi-site atrial pacing is desired in conjunction with ventricular pacing for 
example, electrode 314 may be placed adjacent the right atnum, electrode 316 may be 
Placed adjacent the left atnum and electrodes 318 and 320 may be placed in the right 
ventncle. Electrode 328 may correspond to the housing of the device. Pacmg of both 
atna may be accomplished by coupling atria, pacing amplifier 3 ,0 to pace between 
electrodes 3 14 and 3 1 6, while pacing of the nght atnum mdividually maybe 
accomplished by coupling output amplifier 3 1 0 to electrodes 3 14 and 328 and pacing 
of the left atrium individually may be accomplished by coupling amplifier 3 10 to 
electrodes 310 and 328. Pacing of the ventncle maybe accomplished by coupling 
electrodes 3 1 8 and 320 to amplifier 3 1 2. 



In the case in which multi-she ventncular pacing is desu-ed in conjunction 
w,th atnal pacing, this may be accomplished by placing electrodes 314 and 316 in the 
nght atnum, electrode 318 in the nght ventncle and electrode 320 adjacent the left 
ventncle. Atrial pacing may be accomplished by coupling amplifier 3 10 to electrodes 
314 and 316, while pacmg of right and left ventricles simultaneously may be 
accomplished by coupling pulse generator 312 to electrodes 218 and 320 and pacmg 
therebetween. Pacmg of the right ventricle individually may be accomplished by 
couphng amplifier 3 1 2 to electrodes 3 1 8 and 328 while pacing the left ventncle 
md.v.dua.ly may be accomplished by coupling amplifier 3 1 2 to electrodes 320 and 
328. In the event that multi-site pacing is desired in both the atria and the ventricles 
electrodes 3 .4 may be located in the right and left atna respectively, and electrodes ' 
3 1 8 and 320 located in the right and left ventricles respectively, and a switch matrix 
employed as described above to select pacmg in either one or both of the atna or the 
ventricles. 

Figure 7 is a block diagram of a pacemaker which may accomplish any of the 
pacmg modalities discussed above. Pacemaker in Figure 7 conesponds generally to 
that ,n Figure 5, with the exception that separate output amplifiers are provided for 
each of the right and left atria and each of the right and left ventricle, in conjunction 
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with separate electrode pairs to be applied to each of the right and left atria and right 
and left ventricles. Microprocessor 400, Ram 404, ROM 402, data/address but 408, 
timing/control circuitry 406, pulse generators 410 and 412, sense amplifiers 422 and 
424 and switch matrix 426 correspond generally to microprocessor 300, ram 304, 
ROM 3 02, data/address bus 3 08, timing/control circuitry 3 06, pulse generators 3 10 
and 312, amplifiers 322 and 324 and switch matrix 326 of Figure 6. Telemetry circuit 
442 in conjunction with antenna 444 allows communication between the dev.ce and 
an external programmer, by means of which the physician can program a desired list 
of electrode configurat.ons into memory 304. The device of Figure 7 differs in the 
addition of two additional amplifiers 428 and 430 and the addition of addifional 
electrodes 432, 434, 436 and 438 and by means of the correspondmgly increased 
number of switches required for switch matrix 426 to allow interconnection of the 
four output amplifiers to the electrode pairs to allow for pacing of one or both of the 
ventricles or the atria. For example, electrodes 4 1 4 and 416 may be located in the 
right atrium, electrodes 418 and 420 located adjacent the lefi atrium, electrodes 432 
and 434 may be located in the right ventricle, and electrodes 436 and 438 located 
adjacent the left ventncle, to provide a pacemaker correspondmg to that illustrated in 
Figure 4. Electrode 440 may correspond to the housing of the device. Pulse generators 
420, 43 0, 410 and 412 may be selectively connected via switch matrix 426 to allow 
for pacing of one or both of the right and left atria and right and left ventricles, using 
either electrode pairs located adjacent each chamber or by pacing between electrodes, 
one located adjacent each chamber or by pacing between electrodes located adjacent 
each chamber and the enclosure of the device. 

Figure 8 is a functional flow chart illustrating a first method of operation of a 
device according to a first embodiment of the present mvention, which may 
correspond structurally to the devices of any of figures I - 7. Figure 8 illustrates a 
subset of the program stored w.thin the memory of the device, controlling operation of 
the uniprocessor, and reflects the operation of the device following sensing of an 
atrial or ventricular depolarization, depending upon the particular implementation of 
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the invention. A device according to the present invention may employ the 
methodology illustrated in Figure 8 following sensed atrial events if atrial pacing is 
available, following sensed ventricular events if ventricular pacing is available or 
following both atrial and ventricular events if atrial and ventricular pacing are both 
available. 

In response to sensing of a depolarization at 500, the microprocessor records 
the type of depolarization sensed and the period separating the sensed depolarization 
from previous depolarizations of the same chamber and of other chambers, in order 
that the stored information may be employed to determine whether a tachyarrhythmia 
is currently underway. The device checks at 504 to determine whether a 
tachyarrhythmia is underway. For example, the presence of a tachyarrhythmia may be 
confirmed by persistence of a rate in the chamber being sensed above a defined 
threshold, extending for at least a defined period of time. Alternatively, any other 
known tachycardia or tachyarrhythmia detection algorithm may be employed, 
including those set forth in the U.S. patents cited above. 

In the event that tachyarrhythmia is not detected at 504, the device checks at 
506 to determine whether the extended time period over which occurrences of 
tachyarrhythmia are monitored, as discussed above, has expired. The extended time 
period is preferably at least several days and more preferably at least several weeks. If 
the timer has expired, the timer is reset at 5 10 and the count of occurrences of 
tachyarrythmias is correspondingly reset at 5 10 and the device returns at 5 0 8 to 
pacing the atria and/or ventricles using the electrode configuration previously 
selected. 



In the event that tachyarrhythmia is detected at 504, the device may optionally 
check at 5 12 to determine whether the event which preceded the first short period of 
the detected tachyarrhythmia was a paced event in the chamber in which the 
tachyarrhythmia is detected. If so, a count of detected occurrences of tachyarrhythmia 
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» -ncremented at 514. If not, the device checks to see if the extended time penod is 
expired at 506, as discussed above. Alternatively, step 512 may be omitted, and the 
dev,ce may increment the count of occurrences of tachyarrhythmia each time the 
tachyarrhythmia is detected, irrespective of whether the tachyarrhythmia is preceded 
by a dehvered pacing pulse in the chamber in which the tachyarrhythmia is detected 
It is behoved that inclusion of the step illustrated at 512 may be preferable in some 
patients, in that i, tends to more accurately identify tachyarrhythmias which might 
have been initiated by delivery of cardiac pacing pulses. 

At 516 the mcremented count of tachyarrhythmia occurrences is checked 
aga,nst a preset threshold, and, if the count has not exceeded the preset threshold the 
nncroprocessor checks at 506 to determine whether the extended time penod has 
expired, and proceeds as described above. If, however, the count of detected 
tachyarrhythmias at 5 16 does exceed the defined threshold, the microprocessor 
records information at 51 8 with regard to the frequency of occurrence and/or durat.on 
of tachyarrhythm.as, the present tachyarrhythmia prevention therapy and the present 
electrode configuration of the device. For examp.e, the nncroprocessor may record in 
random access memory associated therewith, the therapy presently in effect, the 
particular electrodes employed to pace the chamber in which the tachyarrhythmia is 
detected, the polarities of the electrodes and the time span over which the required 
number of tachyarrhythmia occurrences was detected. As discussed above/this 
information may later be employed in order to determine whether the existing 
arrhythmia prevention therapy and/or electrode configuration, is performing better 
than other available therapies and/or electrode configurations. 

The extended time period and the tachyarrhythrma count are reset at 520 and 
at 522 the microprocessor checks to determine whether a therapy and/or an electrode 
configuration is available which offers the opportunity of a reduced incidence of 
tachyarrhythmias. By definition, untried therap.es and/or electrode configurators that 
are on the hst of configurates programmed into the device by the physician are 
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centered to offer the possibility of a reduced incidence of tachyarrhythmias 
Alternately, the previously, attempted arrhythmia prevention therapies and/or 
electrode configurations which have, based on information recorded by the 
m.croprocessor, provided a lower incidence of tachyarrhythmias are also considered 
to offer the possibility of a reduced incidence of tachyarrhythmias. In the absence of 
untned therapies and electrode configurations, the therapy and/or electrode 
configuration having the lowest incidence of tachyarrhythm.a per unit of time will be 
employed. At 524, the arrhythmia prevention therapy and/or electrode configuration 
and/or selected pacmg sites are modified as appropna.e, and the dev.ee continues to 
operate using its newly selected therapy and/or electrode configuration If the 
historical mformafion stored by the uniprocessor with regard to other therap.es and 
electrode configurations does not indicate the opportunity for a lower incidence of 
tachyarrhythm.as, the dev.ee contmues to operate at 508 using the present therapy and 
electrode configuration and contmues to monitor occurrences of tachyarrhythmia. By 
the mechanism desenbed above, as the arrhythm.c substrate of the heart changes over 
«me, the pacemaker automatically has the abibty to optimize the tachyarrhythmia 
prevents therapy, the pacing she or sites emp.oyed by the pacemaker and/or the 
electrode configurations employed at the various pacing sites. 

Figure 9 is a funct.onal flow chart illustrating an alternate method of 
operate of a pacemaker accordmg to the present invention, which may correspond 
structurally to the devices of any of figures 1 - 7. Like the method of operation 
•Hustrated in Figure 8, this portion of the software stored in the read-only memory of 
the dev.ee is entered at 600 in response to a sensed atna. or ventncu.ar depolar.zat.on 
and the associated information concerning the depolanzation is recorded at 602 At ' 
604, the uniprocessor checks to determ.ne whether a tachyarrhythm.a has been 
■mt.ated. If so, the microprocessor optionally checks at 606 to determine whether the 
detected tachyarrhythm.a was preceded by a paced beat, as d.scussed above in 
conjunction with Figure 8. If so, the tune of onset of the tachyarrhythm.a is recorded 
at 614. As d.scussed above, the dev.ee may alternately record the onset of a 
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•achyanhy*,™ regards ofwhether i, was preceded by a paced bea, or not ,„ 

-crease, the device then checks a, 608 ,o define whether ,he extended fitne 
period nas explred at 608 ]f so , he dev|M ^ ^ ^ 

'0^1 ^bon of .achyanbytbanta episodes a, 6 ,0 .,„ either case , the device then 
coobnues operation a, 6,2 using the eleclrodes ^ 

ln ' h «-"'^'achya J Thy,h m ia is „ otdclecceda , 604|< , rlI]lheevenuhiit 
achyartythtnia was previously detected a, 604 and continues .o be underway ,be 
devrce checks a, 6,8 ,o define wbe,be, termination of.be tachyairhyihnria has 

been delected. Ifnol, lhe device checks ai 6™ ,„ a . 

,cecnecl( s at 608 lodeiennine rvhether the extended lime 

penod has expired and combines as described above. If, on the other hand 
.ermmalion of the tachyarrhythmia has been detected, the device records the 
•e-ntination a, 620 and e mpl „ vs , he di(rerence ^ ^ ^ ^ ^ 

of terminatton ,o npdate a cu mu ,a,ive tneasuremen. of lota! durabon of 
tachyarrhythmia episodes at 622. 

Al624 - the "»™p r oces s „rco mp a,es,he.„laldnra„„„„ f ,achy a ,rhy,h ro ,a 
episodes with a preset thresho.d va,ue V. ,f,he tota, dotation of tachyarrhvtb^a 

episodes accumulated does not exreerl V *u~a ■ 
. „ t CXCeed Y - ,he device "'urns to check to detennine 

whether the extended ,, m e period has expired a, 608 and continues as described 
above. ,f, however, the total duration of detect*, tachyarrythmia episodes exceeds 

2Z a T 0,d ' Mom ""° n reeardin8 ,he -«* 

ecbode configurabon present,, m effa m conj „ nc|j<>n ^ ^ 
die de.ec.ed tachyarriiythanias is r^ord* a, 626, in e,„d,„ E the antoun, of „ me 

required m order to detec, the specified tota, cnnr„,a,,ve duralion of tachyarrythmia 
episod. Thts infonMllo „ is „ sed „ dKcribed compara)g ^ ^ J w 

dec rode conftguratton preae„„ y in elrecl to other ^ ^ 
onftgurabon, The extended titne penod and dre „„en. of loba, durafion of 
achyanhythnua episodes is reset a, 628, and the device checks as discussed above to 
de.emn„e wheber a dterapy and/or Cec.rode configurabon offering dte opportunity 
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for recced fluency of Uchyarrhy^ is avai,able. If so, te pacemaJter sclec , ,„ e 
ew ^ e|Klrode configMa[ion a| ^ ^ ^ ^ 

neW ' y **** fcnW " ""^hoo « on 
he h.a.oncai .nfon^ion recorded by ,he microproeossor, ,Ke orber avaifcbie 
■herapres and/or eiecoode e„„f, guta „ ons do „ 01 ^ „ offa fc 
redoe.,00 ,„ the 0V e ra „ durallon of , achyarrhytlmia , ^ ^ ^ ^ 
operaooo „si ng ,he »i a prevenlio „ , herapy ^ " 
presently in effect at 612. 



F.Eore ,0 is a fincrional n„w cbart i„ uslrat i ng . third method of 
a Plaice, aeeordi„ g ,„ , he presen , i„ ve „, io „ which may 
* dev,ces of any of figures , . 7 . ,„ lhls ^ ^ J 

■a s,„ gle anfyrwa prevenll0 „ lnerapy ^ , ^ ^ 
confignrauon, for exanrpie, mu „,.s,,e pacing uslng a conveffliona , 

mode rare sfabUizabon pacin g a, s. g ,e or m o, 0 p, e siKs x descnbed ^ „ ^ * 
.he Oiher artyd™ preveD „ 0 „ paci „ g ^ ^ ^ 

above. ■„ lhis e m bodi m en., , h e device sinrply defines wh.,ber or no, deiivery of 
.he preve „, ioll therapy ^ ^ rf an ^ ^ 

appropnare, base. upon lhe ftequency and/or ^ Qf 
wh. e ,„e «^ preventl0 „ , herapy , s prKen , _ ^ (o to 

te. of occnn-ences of anoylhmias wbiie ,he an*yte,ia prevenrion lhwapy „ 



ion is 

ias 



The0 ^'.™«f.heoeviceaccordin gl „, h e S o <!m bodi m e„ l s„f lh e i „ V e nllonis 
—tad a, 700, fell o„ed by ,ese„i„ g of lhe ex.ende. toe penod T , a. 702 Tbe 
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conjunct.cn with F.gures 8 and 9. Ahernatively, a combination of these parameters 
may be employed, as discussed below. The device continues to monitor the value of 
the selected tachyarrhythmia parameter until either time period Tl exp.res at 710 or 
un„. the value of the monitored parameter exceeds a threshold X2 at 7.6, indicative 
of a spec.fied frequency or duration of detected tachyarrhythmias. On expiration of T 
I, the dev ICe checks to determine whether the value Xi of the measured 
tachyarrhythmia parameter exceeds a defined threshold X 1 which is set to be less than 
X2 as described above. If not, the device determines that the incidence of 
tachyarrhythmias is no, sufficient to justify use of the arrhythmia prevents therapy 
and/or alternate electrode configurations, the tachyarrhythmia prevention therapies 
and/or alternative electrode configurations are disabled at 706 and the dev.ce exits to 
normal bradyarrhythmia pacing functions at 708. 

If, on the other hand, the measured value X, of the tachyarrhythmia parameter 
exceeds XI during time penod TI or exceeds X2, pnor to the ex pi ration of time period 
T I, the t,me (T) smce initiation of the extended time period and tachyarrhythmia 
parameter value (X.) are stored at 714. The arrhythmia prevention therapy and/or 
alternate electrode configuration is set on at 718, and the extended time period is 
reset at 720 to again correspond to a second extended time interval T2, which may be 
shorter than Tl . In a fashion analogous to that descnbed above, the microprocessor 
wa,ts untd either the time period T2 expires at 722 or until the measured value Xp of 
the tachyarrhythmia parameter exceeds a defined threshold X3, which may be less 
than X2, at 724, and following either event, stores the time (Tp) since resetting of the 
extended time penod X2 and the measured value (Xp) of the arrhythmia parameter at 
726. At 728, the microprocessor compares the frequency or duration of 
tachyarrhythmia per unit time during use of the therapy and/or alternate electrode 
configuration (Xp/Tp) with the frequency or duration of tachyarrhythmias in the 
absence of the therapy (Xi/Ti). If the frequency or duration of arrhythnnas is not 
reduced dunng del.very of the arrhythmia prevention therapy and/or alternative 
electrode configuration, the arrhythmia prevention therapy and/or alternative electrode 
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configuration is disabled at 732 and the device exits to normal bradycardia pacing at 
734. If, on the other hand, the incidence of tachyarrhythmias is reduced during use of 
the arrhythmia prevention therapy and/or alternative electrode configuration, the 
therapy and/or alternative electrode configuration is enabled at 730 and the device 
exits the initialization program at 734. If multiple tachyarrhythmia parameters are 
monitored, they may be weighted and combined with one another and compared to a 
single threshold value or each monitored parameter may have its own threshold. If 
multiple thresholds are employed, the device may determine that the required level of 
arrhythmias been detected in response to one, some or all of the thresholds bemg met. 

Figure 1 1 is a functional flowchart illustrating a more elaborate method of 
operation of the present invention, in which multiple arrhythmia prevention therapies 
and/or electrode configurations are included in a pacemaker which may correspond 
structurally to the devices of any of figures 1 - 7. As described above, available 
operative modes may include smgle site arrhythmia prevention pacing therapies, 
multi-site pacing employing traditional bradycardia pacing modes and specialized 
multi-site arrhythmia prevention pacing therapies, not corresponding to convention 
bradycardia pacing modes. Operation of the device initially corresponds to that 
described to that in Figure 10. Operation of the dev,ce according to the present 
embodiment is initialized at 800, with the extended time period T I initiated at 802. 
During TI the device monitors the parameter "X" associated with the occurrence of 
tachyarrhythmias, which, as described above may be frequency or duration of 
tachyarrhythmias, until either expiration of Tl at 8 1 0 or until the present value (Xi) 
of the monitored parameter exceeds a defined threshold (X2) at 8 16. Alternatively, a 
combination of these parameters may be employed, as discussed above in conjunction 
with Figure 10. If on expiration of Tl, the value of the monitored tachyarrhythmia 
parameter X, does not exceed a second threshold XI lower than X2, the device 
detennines that arrhythmia prevention therapies and/or alternative electrode 
configurations are not required at 806 and the device returns to operating at a 
conventional bradycardia pacemaker at 808. If the value Xi of the measured 
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tachyarrhythmia parameter exceeds XI on expiration of Tl , or exceeds X2 prior to 
exp,ration of Tl, the device stores the elapsed time (T) since the initiation of the 
extended time period and the value (Xi) of the measured parameter. 

In this embodiment, it is envisioned that the physician has provided a 
pnoritized list of a number -„- of tachyarrhythm.a prevention therapies and/or 
electrode configurations, which the device will sequentially employ for the defined 
extended tune periods to measure the re.at.ve frequency of occurrences or durations of 
tachyarrhythmias therein. As discussed above, these therapies and electrode 
configurations may differ from one another in terms of the timing of the delivery of 
pulses, the conditions for delivery of pulses and the locations and polarities of the 
electrodes accordmg to any of the vanous patents cited above dealmg with arrhythmia 
prevention therapy. The therapy and/or electrode configuration V to be evaluated is 
set equal to 1 (the first therapy and/or electrode configuration on the list) at 818 and 
that therapy and/or electrode configuration is enabled at 820. The timer is reset at 822 
to define the extended time penod T2 as described above, during which the 
arrhythmia parameter "X" is monitored, precisely as d.scussed above. On expration 
of tone penod T2, or on the value (Xn) of the monitored parameter exceeding the 
h.gher threshold X3 at 828, the dev.ce stores the time (Tn) since initiation of the 
extended time period T2 and the value (Xn ) of the momtored parameter associated 
with the currently enabled arrhythmia prevents therapy and/or electrode 
configuration at 830 so that these values may be emp.oyed to later select the most 
des.rable operation of the device. The device then checks at 832 to determine whether 
n .s greater than in, indicating that the therapy in effect is the last therapy and/or 
electrode configuration on the lis,. If not, n is incremented at 834 so that the next 
success.ve therapy and/or electrode configuration may be activated at 820. 

This process continues until corresponding values for elapsed time (T) and the 
momtored arrhythmia parameter (Xn) have been gathered for each of the in available 
arrhythm.a prevention therapies and/or electrode configurations. A, this point the 
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device at 836 compares the duration or frequency of arrhythmias per unit time at 836 
and selects the therapy and/or electrode configuration having the lowest frequencies of 
occurrence or durations of arrhythmia detected per unit time. The initialization 
sequence is exited at 838 and the device continues to operate in the selected 
tachyarrhythmia prevention mode. Following selection of an initial therapy and/or 
electrode configuration, the device may operate as described in conjunction with 
Figures 8 or 9 above, if desired. It should be understood in conjunction with the 
selection function that in the event that none of the in tachyarrhythmia prevention 
therapies and/or alternate electrode configurations provide a reduced frequency or 
duration of tachyarrhythmias per unit time, the device will disable all of the 
tachyarrhythmia prevention therapies and return to normal bradycardia pacing at 83 8. 

As in the embodiment described in conjunction with Figure 10, if multiple 
tachyarrhythmia parameters are monitored, they may be weighted and combined with 
one another and compared to a single threshold value or each monitored parameter 
may have its own threshold. If multiple thresholds are employed, the device may 
determine that the required level of arrhythmias been detected in response to one, 
some or all of the thresholds being met. 

In the event that the operation of the device and the selection of an initial 
arrhythmia prevention therapy is provided as described above in conjunction with the 
embodiment of Figure 1 1 , the device may subsequently operate according to the 
methodology set forth in conjunction with the previously described embodiments of 
the invention as described in Figures 8 and 9, periodically changing the 
tachyarrhythmia prevention therapy and/or the associated set of electrodes and 
polarities in response to the increase in the levels of tachyarrhythmias, selecting an 
alternative therapy and/or set of electrodes and polarities which provide a lower 
incidence of tachyarrhythmias, if available. Alternatively, after either selecting a 
tachyarrhythmia prevention therapy or alternate electrode configuration or 
determining that neither is needed as described above in conjunction with the 
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embodiments of Figures 10 and 1 1, the device may define a third extended time 
period, significantly longer than the first and second extended time periods. On 
expiration of this third time period, the device may repeat the sequence of operations 
described above to again determine whether tachyarrhythmia prevention therapies 
and/or alternate electrode configurations are desirable and if so which should be 
employed. 

Figure 12 is a functional flow chart illustrating a mechanism by which a 
device according to the present invention may optimize the specific parameters of a 
selected arrhythmia prevention pacing modality. The device may operate according to 
the flow chart of Figure 12 after selecting an optimal arrhythmia prevention pacing 
modality according to the mechanisms described in Figures 1-11, discussed above. 
Alternatively, the device may operate according to the flow chart of Figure 12 in 
conjunction with the operation of the dev.ce according to the flow charts of Figures 1- 
1 1 above. For example, the device may attempt to optimize a parameter or parameters 
of each selected arrhythmia pacing prevention modality evaluated by the device 
according to Figures 1-1 1, so that the evaluation of the arrhythmia prevention pacing 
modality may take into account the best of available settings for specific pacing 
modality. In such circumstance, device would preferably continue to operate 
according to Figure 12, after selection of a preferred one of the available arrhythmia 
prevention pacing modalities. 

At 900, the arrhythmia prevention pacing modality is selected, either by 
programming or by the mechanisms described above in conjunction with Figures 1 - 
1 1. Initial settings of the parameters of the arrhythmia prevention pacing modality, 
for example, the increment to be added to preceding V-V, V-R, R-V or R-R intervals 
in the context of a rate stabilization algorithm as described in the above cited Mehra 
or Denker patents, or adjustment of a decrement to sensed P-P or A-P intervals or 
increment to paced A-A intervals in the context of an atrial overdrive pacing modality 
as described in the above Hess patent, or an adjustment to the time delay between 
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dehvery of pacing pulses at different pacing sites in the context of multi-site pacing 
algorithms as described above. In addition, at 904, the value of the defined endpoint 
range ,s set and the value of an optiona. counter "n", used in conjunction with features 
descnbed below i s set to 1. The denned endpomt range may be, for example a 
predefined maximum number of premature atrial or ventricular events per a unit time 
a range extending between defined maxnnum and minimum numbers of occurrences ' 
of arrhythmias such as atrial fibrillation per unit time, or the like. At 906, the device 
begin, tuning a time interval Tl, during which the device will evaluate the 
performance of the se.ected antiarrhythmia pacing modality, at the initial parameter 
settmgs. Dunng tins time period, the metnc to be measured, e.g., premature beats 
occurrences of arrhythm.as, or the like, is monitored at 908. On expuat.on of the ' 
"nerval T, at 9, 0, an endpoint E n corresponding to the measured metnc is calculated 
For example, if tune interval T, extends over several days, and the measured metric 
is premature beats per hour, the calculated endpoint may reflect the average 
occurrences of premature beats per hour over the entire duration of tune interval T, or 
-ay reflect the average rate of occurrences of premature beats per hour over the later 
portion of tune period T, Afler ca.culat.on of ^ its value is compared to the defined 
endpo.ni range, and the relationship between the calculated endpoint E n and the 
defined endpoint range is employed to adjust the setting of one or more parameters of 
the arrhythnna prevention pacing modality at 914. At 916, the value V of the 
optional counter is incremented, and a new time interval Tl is initiated at 906. 

Figure 13 illustrates one of the simplest mechanisms by which a device 
accordmg to the present invention may adjust the parameters of an arrhythmia 
prevents pacing modality. In this context, it is assumed that the desired endpomt 
range ,s defined by a value which the physician feels is the upper bound of an 
acceptable level of occurrences of arrhythmic event, If the measured endpomt E is 
greater than the upper bound of the defined endpomt range, the parameter settings^ 
•he arrhythmia prevention pacing modahty are determined to be unacceptable, and the 
parameters are adjusted m a defined direction in order to make the prevention pacino 
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mod** more aggressive, i.e., more ,U<e ly ,o p,eve„, ounces of a[rhylhmia For 
example, in the context of ad jus ,me„, of a„ atrial overdrive pacing node as in ,he 
above ctted Hess e, al. paten,, the decrement ,„ lhe mKB „ red A . p „ p p 
may be increased, in order ,o deerease ,he relattve number of ocenrrences of 
spomaneons bea,s. In ,„e even, ma, ,he va,„. of E„ is already ,ess ,han >he npper 
bonnd of lhe defined endpoin. range, ,he parameters of the a^ ta „ p(evenlion 
paong modality are deiermmed ,o be acee pt able, and are no, adjusted. 

Figure ,4 .Lustra^ a somewhat more complex mechanism fo, adjusting the 
parameters of an arrhyftmia prevention pacing modality, ,„ which the desire<J 
endpom, range has defined non-zero upper a„d lower bounds. At 922, the dev,ce 
compares B. ,o the upper bound of Jhe desired endpom, range, ,„ the fashion 
desenbed ,„ conjunction with block 918 of Figure 1 3, and performs a corresponding 
adjustment of the arrhythmia prevention pacing parameKrs „ 924 ^ 
ease, ,f the measured value of B. ,s less than ,he lower hound of the defined endpom, 
range a, 926, ,he device adjusts ,he parameters of the arrhythmia prevention pacing 
modahjy in jhe opposite direction a, 928, decreasing ,h. aggressiveness of ,he therapy 
in order to avoid over-healing (he patient. 

For example, if ,he measured medic is occurence of premature ven.ncular 
depositions, and ,he arrhythmia prevenhon pacing moda,i,y is ra,e s,abil,za,io„ 
pacmg as described in conjunct with the above Denker and Mehra patents a 
number of premature ve„tncu,ar beats in excess of ,he desired endpoin, nmge may 
tngger a decrease in the incremen, added <o a preceding R-R, V-V R-V or V R 
mterva, ,o define ,he nex, subsequen, pacing interval. The resul, would be an 
mcreased abiliry ,„ proven, occurrences of premamre ve„,ric„,ar depolarizations, hu, 
a, Ute cos, of an increased number of delivered pacing pulses. Conversely in ,he 
even, tha, ,he number of premamre ventricular bents is ,ess ,han ,he defined endpoin, 
™>ge, me value of the incremen, added ,o U,e preceding measured R-R V-R R-V or 
V-V tnterval may be mcreased, increasing ,„e likdihood ofspon.aneons ven.ncular 
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beats and decreasing the number of required delivered pacing pulses. In this fasWon 
the device can optimize the parameters of the arrhythmia prevents pacing modality 
to reflect a balance between reduction in occurrences of premature beats and the 
mcreased current drain associated with increased delivery of cardiac pacing pulses. 

A similar mechanism can be employed in the context of a device which 
delivers pacing pulses to multiple sites within the atria or ventricles of the heart, in 
order to induce a more simultaneous depolarization and prevent occurrences of 
premature beats or arrhythrmas. For example, as d.scussed above in conjunction with 
devices as pacing electrodes and sense amplifiers associated with multiple sites within 
the atna or associated with multiple sites within the ventncles may be provided. In 
such dev,ces, delivery of a pacing pulse at one site response to a sensed 
depolarization at another site or delivery of a pacing pulse at one site in response to 
dehvery of a pacing pulse at another site may occur after expiration of a defined 
relatively short escape interval, as discussed in U.S. Patent No. 4,928,688 issued to 
Mower, and incorporated herein by reference in its entirety. In this case, the longer 
the interval separating the sensing or pacing at a first location and the subsequent 
delivery of a pacing pulse at a second location, the more likely it is that the pacing 
pulse at the second location will be inhibited. In the context of a dev,ce operating in 
«h,s fashion, the dev,ce may monitor frequency of occurrences of arrhythmias, and in 
response to a measured endpoint E n corresponding to frequency of occurrence of 
arrhythmias exceeding the defined endpo.nt range, the duration of the escape interval 
between sensing or pacmg at one site and subsequent delivery of a pacing pulse at a 
second site may be decreased, in order to prov.de a more aggressive anti-arrhythmia 
pacing modahty. Conversely, if the frequency of occurrences of arrhythm.as E n is 
less than the defined endpoint range at 926, the escape interval between a sensed or 
paced event at a first location and subsequent delivery of a pacmg pulse at a second 
location may be increased, reducing the number of delivered pacing pulses. 
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settmgs for a preceding senes of measurement penods T, and has been unsuccessful 
m redncing the valne of ,h. measured endporn, K lo an aeeep,a bl e ievel for rhe 
preceding y Tl intervals. the device defines ,ha, ,he arrhyrh™ prevention pacing 
present,, » effect is unlikely ,„ be success*, in achieving ils desired result 
and d.sables the arrhythmia prevenoon pacing modalily in ^ „ 946 ^ a 
swtch ,„ altemat.ve arrhythmta prevention paclng moda| „ y Se|ection ^ ^ 
avadab,e pacing modahties may he made accordmg to ,he descn P ,ro„s in Flgures ,. 

I. dtscussed above, and the d ev,ce exi.s a, 94 S to an appropriate poin, within the 
software assoe,a,e d with se,ee,,o„ between avatlable arrhyrha™ prevent.on modes 
Fo.low.ng selecrion of a new arrhythmia prevenoon pacing modalily> fc ^ 
opera,, as .escribe, m the flow charl of Flgure , 2 emp , oy _ ng ^ ^ ^ 

endporn, range, newiy defined initial parsers, and ,he like assoc,a,ed with ,he 
newly selected tnrhythmia preven.ion pacing modality. 

One specific embodtmen, of a devtce operafing as descnbed in conjuncfion 
wth F.gures ,2 e, may be tmplemented as follow, The pacemaker may be 
configured ,o „pera,e in the anna, overdrive pa ci„ 8 m oda,i,y descnbed in dte above- 
c„ed Hess e, al . patent. Io thjs pacing mode , he ^ ^ ^ 

a,na, depolanzabons by seuing the next suhsecuen, a,rial escape interval equal ,o ,he 
prev.ous A-P or P-P ln ,erv a |. mmus a programmed deeremen, ( -de„a, and contmues 
•o pace a, this escape interval „„„, eilher lhe occurrence ofa ^ ^ 
depotanzation or delivery of a defined number (p, aleau slep) ^ 
pacmg pulses a, the new escape interva,. ,f a sensed atna, depolarization occurs 
before completton of the plateau step, a new, shortened a.ria, escape interval is 
c*u,ated as descnbed previously. ,f , he p, ateau step is m ^ ^ ^ 

■nterva, , s increased by a programmed increment <«e,ta), and the dev.oe P aces a, the 
new escape inte™, „ ,„ eilher m ^ depo , arizatio „ „ ^ ^ ^ _ 

«ep ,s completed. This process cuntmues, bounded by programmed npper and lower 
rates to provide atna, overdrive P acmg a, a rate which is generaUy o„,y slight,y ab.ve 
tne intrinsic atria! rate. 



WO 00/09206 



37 



PCT/US99/18442 



In conjunction with the present invention, the device may operate as follows 
the overdnve pacing mode is initially turned on with nominal values of + de.ta of 50 
-sec, -delta of 20 msec, and plateau steps of 10 beat, Endpoint ranges of one or more 
measured metrics are defined by physician programming such that one or more 
correspond,^ measured endpomts (E n ) must fa., above the denned range to cause 
adjustment of the pacing mode parameters to more aggres.ve settings. For example 
the endpomt ranges of mean PACs/day 200 and AF episodes/day <= 2 may be ' 
defined. In this embodiment, a defined mean ventricular rate range of <= 85 bpm may 
a.so be defined and may be employed to tngger adjustment to a .ess aggressive set of 
pacmg parameters and prevent adjustment of the pacing mode parameters to more 
aggress.ve settmgs . The observation period T. may be set to 24 hours. 

Dunng the first 24 hours of data is collected with the pacmg mode set at 
nomma. values. For example, the measured endpomts (E n ) might be: mean PACs/day 
= 5000 and AF/day = . 0, with mean V rate = 72 bpm. Due to one or both of the 
PAC/day and AF/day values exceeding the defined acceptable ranges, the pacing 
parameter, are adjusted to be more aggress.ve. Forexa mple , the fo.lowmg changes 
to the algorithm values may be: + delta « 60 msec (increased by 10 msec), -delta = 10 
msec (decreased by 1 0 msec.), and plateau steps = 20 beats (mcreased by , 0 beats) 
Any one of these changes may be made or all of the changes may be made 
s.multaneously for increasing aggressiveness of the pacing mode. Dunng a newly 
«m,ated 24 hour T. period, data is collected with the pacing parameters at the new 
settmgs. The new measured endpoints might be: mean PACs/day = 100 AF/day = 0 
mean V rate = 75 bpm. Ail of these values are within the defined ranges and hence ' 
the parameter values remain as set for this period. 

Alternatively, assuming that the data is same as above for PACs and AF but 
the V rate is 90 bpm. Then the pacmg parameters may be made less aggressive 'for 
example by decreasing the + delta value, increasing the -delta value and/or decreasing 
the plateau step. Tins process may continue until the pacing mode is programmed off 



WO 00/09206 

PCT/US99/18442 



38 
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An alleruative or additional mebic for controlling atrial rate stabi.ization 
P-ng may be a measurers, of RR variability ,„ trigger changes in %del,a For 
-tnple, if the RR variability was 30% of tbe mean r.r inKrval or of ^ m ^ 
R-R interval over a eertain observation period (T.), inereases in tbe aggressiveness of 
■he atna, rate stabi.ization paeing raod e could be disabled and the %de„a conld be 
increased to a ,ea s agg.esa.ve valne of 40% ,„ mutimtze the amount ofatria, pacing 

*" ™ S *-* ' » * eodpoin, range may swve as . 

safety mechanism f„ r fc attia , rate ^ ^ fa ^ ^ 

mean V rate serves to prevent excessive average ventricular rates in the atrial 
overdnve pacing mode, as discussed above. 

While i, is believed that fa praclical pmposes _ imp , emeiilalions 
of devtces employing the present invention wil, generally take the form of 
mtcroprocessor controlled pacemataa ^ descnbed ^ ^ ^ 

™d tactions may also readt.y he practice by means of a pacemaker based „„ 
M custom digita, mtegrated circuitry as widely practiced in the pacmg industry, or 

■he fom, of a dev,ce fabricated of commercially ava iIa b,e discrete components and 
circuits, so long as basic ^ aims m [mlh ^ ^ ^ 

d-losed embodiments should he constdered exemplary, rather than limiting with 
regard to the claims that follow. 



In conjunction with the above disclosure, we claim: 
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IN THE CI .AIMS' 



1 A cardiac pacemaker, comprising: 

means for pacing a patient's heart in a tachyarrhythmia prevention pacing 
mode usmg a first set of electrodes for a first extended time period; 

means for defining a metric of success of said tachyarrhythmia prevents 
pacing mode; 

means for monitoring sa,d metric over said first extended time 

period; 

means responsive to sa,d monitored metric, for adjusting sa.d tachyarrhythmia 
prevention pacing mode. 

2- A pacemaker according to claim 1, wherein sa,d means for adjusting said 
tachyarrhythmia prevention pacing mode comprises means for pacing said patient's 
heart with a different set of electrodes. 

3- A pacemaker according to claim 1, wherein said means for adjusting said 
tachyarrhythmia prevention pacing mode comprises means for pacing said patient's 
heart with a different tachyarrhythmia prevention pacing mode. 

4- A pacemaker according to claim 1 , wherein said means for adjusting sa,d 
tachyarrhythmia prevention pac.ng mode comprises means for adjusting a parameter 
of said tachyarrhythmia prevention pacing mode. 

5- A pacemaker according to claim 1 wherein said means for adjusting said 
tachyarrhythmia prevention pacing mode comprises means for terminating operation 
of sa,d tachyarrhythmia prevention pacing mode in response to said monitored metric 
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6- A cardiac pacemaker,. according to claim 1 , wherein : 

said means for defining a metric of success comprises means for desired range 
for a metric of success of said tachyarrhythmia prevention pacing mode; and 

said responsive means comprises means responsive to said monitored metric 
falling outside said range, for adjusting parameters of sa,d tachyarrhythmia prevention 
pacing mode to vary aggressiveness of said tachyarrhythmia prevention pacing mode. 

7- A pacemaker according to claim 6, wherein said means for adjusting 
parameters of said tachyarrhythmia prevention pacing mode to vary aggressiveness of 
said tachyarrhythmia prevention pacing mode comprises means for adjusting 
parameters of said tachyarrhythmia prevention pacing mode to increase 
aggressiveness of said tachyarrhythmia prevention pacing mode. 

8- A pacemaker according to claim 6, wherein said means for adjusting 
parameters of said tachyarrhythmia prevention pacing mode to vary aggressiveness of 
said tachyarrhythmia prevention pacing mode comprises means for adjusting 
parameters of said tachyarrhythmia prevention pacing mode to decrease 
aggressiveness of said tachyarrhythmia prevention pacing mode. 

9- A pacemaker according to claim 6 or 7 or 8, further comprising: 

means for terminating operation of said tachyarrhythmia prevention pacing 
mode in response to said monitored metric persistently falling outside said range 

1 0. A pacemaker according to claim 9, wherein : 

said means for terminating operation of said tachyarrhythmia prevention 
pacing mode in response to said monitored metric persistently falling outside said 
range comprises means for terminating operation of said tachyarrhythmia prevention 
pacing mode in response to said monitored metric persistently falling outside said 
range in while said tachyarrhythmia prevention pacing mode is at its most aggressive. 
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11. A pacemaker according to claim 9, wherein: 

said means for terminating operation of said tachyarrhythmia prevention 
pacmg mode in response to sa,d monitored metric persistently falling outside said 
range comprises means for terminating operation of said tachyarrhythmia prevention 
pacmg mode in response to said monitored metric persistently falling outside said 
range in while said tachyarrhythmia prevention pacing mode is at its least aggressive. 

1 2. A pacemaker according to claim 1 , wherein: 

said pacing means comprises means for delivering pacmg pulses to a first site 
m said patient's hear using said first electrode set; 

said monitoring means comprises means for monitoring occurrences of 
tachyarrhythmias over said first extended time period; and 

said responsive means comprises means responsive to occurrences of 
tachyarrhythmias exceeding a defined level dunng said extended time period, for 
subsequently pacing said patients heart using a electrode not used during said first 
extended time period to pace a site not initially paced for a second extended time 
period. 

13. A pacemaker according to claim 1 , wherein: 

said pacing means comprises means for pacing two sites of said patient's heart 
using said first set of electrodes; 

said monitoring means comprises means for monitoring occurrences of 

tachyarrhythmias over a first extended time period extending over more than one day; 
and 

said responsive means comprises means responsive to occurrences of 
tachyarrhythmias exceeding a defined level during said first extended time period, for 
ceasing to use at least one of said first set of electrodes employed during said first 
extended time period and ceasing pacing of one of said paced sites paced during said 
first extended time period for a second extended time period. 
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14. A pacemaker according to claim 1 2 or claim 1 3 further comprising: 
means for monitoring occurrences of tachyarrhythmias over said second 

extended time period; 

means for recording information as to occurrences of tachyarrhythmias while 
pacing during said second extended time period; and 

means for comparing said recorded information during said first and second 
extended time periods. 

15. A pacemaker according to clam 1 4 further comprising: 

means responsive to said comparing means for subsequently employing 
electrodes to pace as in the one of said first and second extended time periods having 
a lower incidence of tachyarrhythmias. 

16. A cardiac according to claim 1 , wherein: 

said pacing means comprises means for pacing in a first tachyarrhythmia 
prevention mode during said first extended time period; 

said monitoring means comprises means for monitoring occurrences of 
tachyarrhythmias over said first extended time period; and 

said responsive means comprises means response to occurrences of 
tachyarrhythmias exceeding a defined level during said extended time period for 
ceasing pacing in said tachyarrhythmia prevention pacing mode. 

17. A pacemaker according to claim 16, further comprising means for pacing the 
heart in a second tachyarrhythmia prevention pacing mode after ceasing pacing using 
said first tachyarrhythmia prevention pacing mode. 

1 8. A cardiac pacemaker according to claim 1 , wherein: 
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said pacing means comprises means for pacing a patient's heart in a first 
tachyarrhythmia prevention pacing mode for said first extended time period and 
means for subsequently pacing said patients heart in a second tachyarrhythmia 
prevention pacing mode for a second extended time period; 

said monitoring means comprises means for monitoring occurrences of 
tachyarrhythmias over said first and second extended time periods; and 

said responsive means comprises means responsive to occurrences of 
tachyarrhythmias during said second extended time period being less than occurrences 
of tachyarrhythmias during first extended time period for triggering pacing using said 
second tachyarrhythmia prevention pacing mode. 

19. A pacemaker according to any of the above claims wherein said monitoring 
means comprises means for counting occurrences of tachyarrhythmias during said 
first extended period. 



20. A pacemaker according to any of the above claims wherein said monitoring, 
means comprises means for measuring cumulative duration of tachyarrhythmias 
during said first extended period. 



21. A pacemaker according to any of the above claims, wherein said monitoring 
means comprises means for monitoring occurrences of tachyarrhythmias initiated 
immediately following delivery of a pacing pulse. 

22. A pacemaker according to any of the above claims, further comprising means 
for recording information as to occurrences of tachyarrhythmias during said first 
extended time period. 



23. A pacemaker according to any of the above claims, wherein said first extended 
time period extends over a period of at least one day. 
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24. A pacemaker according to any of the above claims, wherein said first extended 
time period extends over a period of at least several days. 
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